SUMMARY: A comparative study for abundance, biomass and diversity was carried out for the prokaryote, meiofauna and macrofauna communities at three depth stations (1200, 1800 and 2100 m) along the Malta Escarpment (Mediterranean Sea). Our investigation showed a two-fold increase with depth in prokaryote abundance; the contribution of prokaryote biomass to the total benthic biomass was predominant at all depths. Bacteria were the dominant prokaryote component and Archaea formed a considerable fraction (20%-30%) of the prokaryote assemblages. The meio-and macrofauna abundances and meiofauna biomass did not decrease significantly with depth but macrofauna biomass did. The α diversity did not follow a clear bathymetric trend for both nematode and macrofauna species. Probably because of the large number of eurybathic nematode genera, nor did the turnover diversity in nematode composition change down the depth gradient. Conversely, for the macrofauna there was a perceptible change in community composition between the shallowest station and the two deeper stations. Food availability affected only the macrobenthic component. The increase in the prokaryote organisms with depth and the dominance of nematodes and macrofauna deposit feeders suggest active grazing by the two benthic components on microbes. This would transfer energy to the higher trophic levels through the microbial compartment.
INTRODUCTION
The continental slopes are the areas of steep descent from the continental shelf to the ocean floor and constitute less than 20% of the oceans of the world (Levin and Sibuet 2012) . Although estimates remain controversial, continental margin environments might account for more than 20% of total marine productivity, and for a significantly greater proportion of organic matter export, with potentially up to 50% of the biological pump transfer of organic carbon to the deep ocean and 15% of the net air-to-sea CO 2 flux (Mackenzie and Lerman 2006) . In addition, at least 80% of the mass of terrigenous materials reaching the ocean is deposited in continental margin environments, and more than 90% of the total organic carbon accumulation in the ocean occurs in continental margin sediments (Mackenzie and Lerman 2006) . Furthermore, these sediments host a large proportion of the unknown biodiversity and are repositories of deep-sea biomass (Ramirez-Llodra et al. 2010) . The enhanced levels of biodiversity along slopes are hypothesized to be a source of biodiversity for continental shelves and deeper basins as well (Danovaro et al. 2009) . Recently it has been demonstrated that higher levels of biodiversity can sustain a higher ecosystem functioning and efficiency (Danovaro et al. 2008a ). Indeed it is extremely important to clarify the sources of deep-sea biodiversity and to identify the mechanisms that may drive this diversity and its distribution (Levin and Sibuet 2012) .
For all these reasons, continental slopes are remarkable sites for investigations of the variability of the standing stock and of the diversity of all of the sizeclass components of the benthic fauna, as well as of the environmental variables (e.g. hydrostatic pressure and food availability) that are the potential drivers for these communities. Previous investigations have shown that the distribution, biomass and structure of deep benthic communities along depth gradients of continental margins are highly variable from site to site and at different spatial scales (Galil 2004 , Guilini et al. 2011 .
On the whole, there is a considerable decrease in meiofauna and macrofauna abundance and biomass with increasing water depth, which represents a wellknown pattern in benthic marine ecology (Rex et al. 2006 , Ramirez-Llodra et al. 2010 . However, this general rule does not apply to all size classes of deep-sea communities. For instance, the number of bacterial and archaeal operational taxonomic units does not appear to change significantly with increasing water depth (Rex et al. 2006 . A single general driver explaining the spatial variation of benthic biodiversity is clearly reductive (Coll et al. 2010) , and various biological and environmental factors have been proposed to explain changes in species diversity with depth. These have included habitat heterogeneity, food resources, oxygen availability, temperature and water currents. However, for each deep-sea benthic group of organisms (from microfauna to megafauna), these factors can act in different combinations, which can mask other local or regional factors and generate unpredictable biotic responses (Levin et al. 2001) .
The different benthic size components (microfauna, meiofauna and macrofauna) of the slope ecosystems of the oceans throughout the world have been investigated in different studies (e.g. Kröncke et al. 2000 , Galéron et al. 2000 , Rex et al. 2006 , although there is still little information available for the Mediterranean Sea (Albertelli et al. 1999; Danovaro et al. 2010) . However, an integrated analysis of size-class groups of benthic species that belong to different functional groups (Gage and Tyler 1991, Flach 1999 ) is seen as the best approach to understand deep-sea ecology and functioning (Flach 1999 , Galéron et al. 2000 . Furthermore in a scenario of developing understanding of the critical role of biodiversity for the functioning of marine ecosystems, it is crucial to clarify how biodiversity varies in space and which mechanisms/factors are responsible for these variations .
To accomplish this overall objective, we sampled the microfauna, meiofauna and macrofauna and measured the key environmental variables at three different depths (1200, 1800 and 2100 m) along the continental margin of the Malta Escarpment in the Ionian Sea (Mediterranean Sea) during the Tyrrmounts09 expedition (May 2009) on the R/V Urania.
Although this sampling was across a relatively short depth transect (only three depths, according to limited ship time), the aims of this investigation were the following:
(i) To describe the benthic size-class components in terms of abundance, biomass, community structure and diversity in relation to the different water depths, and to determine whether they show co-variations.
(ii) To investigate potential relationships within the benthic communities between any variations in the three biotic components and the three known potential drivers (depth, grain size and food availability).
MATERIALS AND METHODS

Study site and sampling
The sampling was carried out along the Malta Escarpment, to the southeast of Capo Passero (Fig. 1) , from 8 to 19 May, 2009. The Malta Escarpment is an area of continental slope in the Ionian Sea with a drop of more than 3000 m, and it is the dominant morphological offshore feature of eastern Sicily; it separates the Hyblean-Malta plateau from the deep Ionian Basin (Argnani and Bonazzi 2005) . The Malta Escarpment has been the subject of many geological investigations (e.g. Catalano et al. 2001, Argnani and Bonazzi 2005) , although little data and information are currently available relating to its deep benthic communities (e.g. meiofauna, macrofauna).
Sediment samples were collected at three depths (hereinafter also referred to as the depth stations) along a single transect: 1200 m, 1800 m and 2100 m for a total regional distance between sites of 9 kilometres (~ 3 and ~ 6 km between the 1200 and 1800 m stations and between the 1800 and 2100 m stations, respectively). At each depth station, three independent replicates were collected for the analysis of the macrofauna, using a circular box corer that covered an area of 803.84 cm 2 (inner diameter, 32 cm). Sub-samples of the prokaryotes, meiofauna and sediments (for the measurement of organic matter content and sediment grain size) were taken from three separate box corer hauls from each station.
Measured variables
The temperature, conductivity and dissolved oxygen were measured at each depth station using a SeaBIRD 911 CTD probe. As performed for the macrofauna (see below), the grain-size analyses were done on the top 20 cm of sediment for each replica. These samples were dry-sieved to separate the coarser part (≥63 μm) from the finer part (<63 μm), which was analysed with a Helos/KF Sympatec laser spectrometer. According to many studies conducted in the deep sea (e.g. Pusceddu et al. 2010 , Pape et al. 2013 and for an easier comparison with other work, total protein, carbohydrate, lipid, chlorophyll-a and phaeopigment contents were determined from superficial (0-1 cm) sediment samples (±1 g) and following the standard techniques . The carbohydrate (CHO), protein (PRT) and lipid (LIP) concentrations were converted into carbon equivalents using the conversion factors 0.40, 0.49 and 0.75 μgC μg -1 , respectively, and normalized to sediment dry weight after desiccation (60°C, 24 h). The biopolymeric organic carbon (BPC) was calculated as the sum of the carbon equivalents of protein, lipid and carbohydrate (Fabiano et al. 1995) . Chloroplast pigment equivalents (CPEs) were defined as the sum of the chlorophyll-a and phaeopigment concentrations.
As reported in Danovaro (2010) , the total prokaryote counts were determined from the top 1 cm layer of the sediment using staining with acridine orange (Luna et al. 2002) and expressed as cells m -2 and cells g -1 (Fig. 1a, supplementary information Table S1 ). The prokaryote biomass was estimated using an ocular micrometer and is expressed as mgC m -2 and μgC g -1 (supplementary information Table S1 ), with the assignment of the prokaryote cells to different size classes based on their maximum width and length (Fry 1990 ); these were then converted into biovolumes using the estimate of the average carbon content of 310 fgC μm -3 (Fry 1990 ). The total numbers and biomass were normalized to the sediment dry weight after desiccation (60°C for 24 h).
To investigate the prokaryote community structure, fluorescence in situ hybridization (FISH) was used, with rRNA-targeted oligonucleotide probes and signal amplification (catalysed reporter deposition; CARD), as previously described (Molari and Manini 2012) . The oligonucleotide probes used were EUB338-mix (EUB338, 5'-GCTGCCTCCCGTAGGAGT-3', EUB338-II, 5'-GCAGCCACCCGTAGGTGT-3', and EUB338-III, 5'-GCTGCCACCCGTAGGTGT-3') to target total Bacteria, ARCH915 (5'-GTGCTC-CCCCGCCAATTCCT-3') to target total Archaea, CREN537 (5'-TGACCACTTGAGGTGCTG-3') to target Crenarchaeota Marine Group I, EURY806 (5'-CACAGCGTTTACACCTAG-3') to target Euryarchaeota Marine Group II, and NON338 (5'-ACTC-CTACGGGAGGCAGC-3') as negative control.
For the meiofauna analysis, sediment was taken from each box corer using a plexiglas tube with a 3.6-cm internal diameter; this sample was immediately fixed with 4% buffered formalin and rose bengal. For our purposes, only the sediment from the top 5 cm was sieved through 300 μm and 20 μm mesh, as most of the meiofauna are usually concentrated in the top 2 cm, or at least in the top 0 cm to 6 cm . The fraction remaining on the 20 μm sieve was resuspended and centrifuged with using Ludox HS40 (Danovaro, 2010) . The meiofauna specimens were counted (individuals [ind] m -2 and ind 10 cm -2 ; supplementary information Table  S1 ) and identified to their major taxa under a stereomicroscope. One hundred nematodes from each replicate (or all of the nematodes where there were fewer than 100 specimens) were hand-picked and mounted on permanent slides for the analysis of nematode diversity. The nematodes were identified to the species level (due to the presence of many unknown deep-sea species, the species level is indicated, for example, as sp1, sp2, sp3, etc.) according to Platt and Warwick (1983) , Warwick et al. (1998) , and the NeMys database (Deprez et al. 2005) . The nematode volumes and biomass (mgC m -2 and μgC 10 cm -2 ; Supplementary Information Table  S1 ) were calculated using the Andrassy (1956) formulae, and the nematode wet weights were converted into carbon biomass according to Jensen (1984) . Then nematode feeding types (1A, 1B, 2A, 2B) were determined following the classification provided by Wieser (1953) . The nematode trophic diversity index (ITD; Heip et al. 1985) and maturity index (Bongers 1990) were calculated. The nematode trophic diversity indices ranged from 0.25 (high diversity; all trophic groups present) to 1.00 (low diversity; only one group present). The maturity index is used to estimate the stability of a community, and this index can range from 1 (r-strategy nematodes) to 5 (K-strategy nematodes).
Accordingly with different works on deep-sea macrobenthos, in which the first 15-20 cm were usually considered (e.g. Flach and de Bruin 1999, Witte 2000) , the macrofauna was sampled in the first 20 cm of the sediment of all of the box corer samples (three replicates per depth station). The sediments were gently washed over 300 μm mesh size, and the part that remained was fixed in borax-buffered seawater with 10% formalin, and stained with rose bengal before sorting in the laboratory. In the present study, these macrofauna samples included large Nematoda, Copepoda and Ostracoda. All of the organisms were counted and identified under a stereomicroscope to the lowest possible taxonomic level, to provide abundance (ind m -2 ) values per species. The biomass was measured as mg wet weight m -2 and then converted to mgC m -2 using the conversion factors of Rowe et al. (1991) . Four major macrofauna trophic groups were identified, according to the literature (Sars 1882 , Norman and Stebbing 1886 , Fauchald and Jumars 1979 , Gage and Tyler 1991 : surface deposit feeders; subsurface deposit feeders; carnivores/scavengers; and filter feeders/suspension feeders.
The nematode and macrofauna species diversities were measured using the H' log-base 2 Shannon-Wiener index (Shannon and Weaver 1949) and the evenness J' index (Pielou 1975) . The species richness was calculated as the total number of species collected at each depth station. The species abundance data were converted into rarefaction diversity indices (Sanders 1968 , as modified by Hurlbert 1971) , and the expected number of species ES(n) for a theoretical sample of n=51 nematodes and n=31 macrobenthic individuals was calculated for each depth station.
For the estimation of the meiofaunal and macrofaunal diversity and feeding mode, we are aware of the weakness of the results due to the problem that many macrofaunal organisms have been recognized at a higher taxonomic level and for the meiofauna only the group of nematodes has been taken in consideration, even if it was always the most abundant and usually considered as representative of the whole community (Danovaro 2010) .
Statistical analyses
To test for differences in the biological and environmental variables according to the three water depths, one-way analysis of variance (ANOVA) was applied using the STATISTICA8 software. Prior to the analyses, the homogeneity of variance was tested with the Cochran test, and when necessary, the data were appropriately transformed. When significant differences were encountered, a Tukey post hoc comparison test (at p<0.05) was performed.
Statistical differences in the nematode and macrobenthic species compositions and community structure compositions of the major taxa (i.e. turnover diversity) among the investigated depths were detected using ANOSIM analysis. All absolute data were presence/absence transformed prior to analyses, and a similarity matrix based on Bray-Curtis similarity was produced. One-way similarity percentage (SIMPER), non-parametric, statistical routines were conducted on the presence/absence transformed data using Bray-Curtis similarity matrices to determine which meiofauna or macrofauna taxa contributed most to the dissimilarities between stations at different depths. Non-metric multi-dimensional scaling analysis was performed (Plymouth Routines In Multivariate Ecological Research; PRIMER 6; Plymouth Marine Laboratory, UK) to obtain graphic visualization of the similarities (Bray-Curtis) among the macrofauna and nematode assemblages of the depth stations.
Spearman rank correlation analysis was initially carried out to identify the relationships between the prokaryote, meiofauna and macrofauna abundances, biomass, trophic structures, and diversity indices (for nematodes and macrobenthic organisms) and the investigated environmental parameters (depth, grain size and organic matter content). Non-parametric multiple regression analysis (McArdle and Anderson 2001) was performed to detect possible correlations between biological descriptors (abundance, biomass, community trophic structure and diversity indices) and environmental variables (depth, grain size and organic matter content), using distance-based multivariate analysis for a linear model (DISTLM), with forward selection of predictor variables (i.e. environmental variables) carried out with tests by permutation (Anderson, M.J., University of Auckland, New Zealand). The multiple regression tests were based on Bray-Curtis dissimilarities (untransformed data); p values were obtained by 4999 permutations of the original data. ANOSIM and SIMPER analyses were performed using the PRIMER 6 software package.
RESULTS
Environmental parameters
The water mass along the Malta Escarpment from the shelf to 3000 m depth was homogeneous, with temperatures ranging from 13.50°C to 13.75°C, and salinity ranging from 38.74 to 38.76. The dissolved oxygen content ranged from 4.13 ml l -1 to 4.30 ml l -1 . The velocity of the currents was 0.05 to 0.10 m s -1 . Most of the sediments were clay (on average, 60.7%), followed by silt (31.4%) and small amounts of sand (<2.5%), at all three depths (Table 1 ).
The total phytopigments expressed as the CPEs are reported in Table 1 . The CPEs differed significantly between all of the depths (Table 2) , with the highest values at 1800 m depth.
The distributions of the biochemical components of the sedimentary organic matter showed different patterns for all of the variables investigated (Table 1) . Proteins formed the dominant class of organic compounds in the top 1 cm of the sediments, with ca. threefold higher concentrations than the carbohydrates and (Table 2) , the total lipid concentrations showed a significantly lower concentration at the deepest station (2100 m; Tables 1, 2 ). The BPC defines the sum of the protein, carbohydrate and lipid components, and its level represents an indicator of the food availability in the sediment. The BPC distribution mirrored that of the dominant class, protein (Table  1) . The protein-to-carbohydrate ratio (Table 1 , PRT/ CHO) is indicative for both the aging and the quality of the organic matter content. Here values of this ratio greater than 1 indicate relative high quality and high food availability for organisms (Pusceddu et al. 2010) . This protein-to-carbohydrate ratio in the present study significantly decreased with increasing depth (Table 2, PRT/CHO), although the mean values remained greater than 1 at all depths (Table 1 , PRT/CHO), indicating high food quality for all of these depth stations.
Benthic standing stocks
The total benthic prokaryote abundance and biomass (Fig. 2a , supplementary information Table S1 ) almost doubled with depth, from 1.83±0.27×10 12 cells m -2 to 3.34±0.71×10 12 cells m -2 , and from 59.23±4.99 mgC m -2 to 117.58±16.37 mgC m -2 , respectively. Prokaryotes were the only biotic component to show any significant increase with depth ( Table 2) .
The meiofauna abundance showed no clear bathymetric trend (Fig. 2b , supplementary information, Table S1), although it showed a pronounced inter-replica variability, especially for the shallowest depth station (1200 m). The mean values of the meiobenthic abundance ranged from 1.8±1.8×10 5 ind m -2 (at 1200 m) to 3.0±1.2×10 5 ind m -2 (at 1800 m), with no significant differences between the three depths (Fig. 2b , Table  2 ). There was a general, although not significant, decrease in biomass with depth (Fig. 2b, Table 2 ). The total mean meiobenthic biomass varied from a minimum of 9.6±5.5 mgC m -2 (at 2100 m) to a maximum of 19.2±13.7 mgC m -2 at the shallowest station (at 1200 m; Fig. 2b ). The total macrofauna abundance showed means ranging from 557±312 ind m -2 (at 1200 m) to 365±144 ind m -2 at the deepest station (at 2100 m), without any significant differences between the three depths (Fig. 2c) . Unlike the abundance pattern, there was a clear (>10-fold) and significant decrease in biomass detected with increasing water depth (Fig. 2c , Table 2 ), with means ranging from 28.2±14.6 mgC m -2 (at 1200 m) to 1.8±1.0 mgC m -2 (at 2100 m; Fig. 2c) . Figure 3 shows the changes in the biomass contributions to the total benthic biomass (sum of total prokaryote, meiofauna and macrofauna biomass) of each of the benthic components with depth, expressed as the ratios between the benthic standing stocks. The contribution of prokaryotes to the total biomass significantly increased with increasing depth (p<0.01), due to the large increase in the prokaryote biomass, in contrast to the meio-and especially macrofauna biomass contributions, which decreased with depth (Fig. 3) .
Prokaryote, meiofauna and macrofauna community structures
Overall, the number of cells visualized using the EUB338 and ARCH915 probes accounted for 87% to 92% of the total prokaryote abundance ( Table 3) . The abundance of bacteria and Archaea increased with increasing water depth (Table 3) , although without showing significant differences ( Table 2 ). The contribution of bacteria to the total prokaryote abundance was always dominant, with similar percentages (62% to 70%) at all three depths (Table 3 ). The use of specific probes for the domain of the Archaea revealed two major groups at all three depths: Crenarchaeota and Euryarchaeota, with Crenarchaeota always present in greater numbers than Euryarchaeota (Table 3 ). The For the meiofauna community composition, a total of seven major taxa were identified and usually characterized the deep meiobenthic populations: Nematoda, Copepoda with their nauplii, Ostracoda, Kinorhyncha, Turbellaria, Tardigrada and Gastrotricha (Fig. 4a) . All of these seven taxa were represented at the intermediate depth station (1800 m), which was the most diversified of the three depth stations. As expected, at all depths, nematodes were the dominant group, providing from 87% (at 1800 m) to 98% (at 1200 m) of the total meiobenthic abundance. The other taxa were, in order of dominance, Gastrotricha (maximum 9% at 1800 m, but absent at 1200 m) and Copepoda with their nauplii (maximum 3% at 2100 m), with the remaining taxa at <1% (Fig. 4a) . In terms of biomass the nematodes were confirmed as dominant everywhere, while the contribution to the biomass of the other taxa had the same order of dominance as for abundances (Fig. 4b) . The relative contribution of these other taxa to meiofauna biomass, however, was greater than that for abundance. The ANOSIM analysis revealed significant differences in the meiofauna taxa composition between the 1200-m and 1800-m depth stations (R=88.9%, p<0.01), with the major contribution to this difference formed by Gastrotricha and "others" (52.1% and 26.3%, respectively; SIMPER analysis), in terms of both abundance and biomass.
The number of macrofauna taxa decreased with depth, from 10±1 at 1200 m to 8±2 at 2100 m, although without showing any significant differences. Polychaeta was the most abundant group, as usual for deep-sea sediments, and their relative contribution to the community structure decreased with depth (from 49.9% at 1200 m to 29.2% at 2100 m; Fig. 5a ). Conversely, the macrobenthic nematodes increased in abundance with depth, from 7.5% at 1200 m to 21.1% at 2100 m. The Crustacea, which were mainly represented by Isopoda, Amphipoda and Tanaidacea, were the second most abundant group, with the greatest contribution at 1800 m (30.3%). The Mollusca had the highest contribution at the deepest station (2100 m; 20.6%), mainly because of the high numbers of Bivalvia, and especially Nucula sp1. The ANOSIM analysis showed significant differences in the macrofauna taxa composition between the 1200-m and 2100-m depth stations (R=100%; p<0.01), mainly because of Oligochaeta, Sipuncula and Nemertina at the shallowest depth station (1200 m; with their contributions to the dissimilarity of 21.6%, 21.7% and 20.8%, respectively; SIMPER analysis).
The Polychaeta were also dominant in terms of macrofauna biomass (Fig. 5b) . At the deepest station (2100 m), they were accompanied by a high contribu- tion of Crustacea (33.5%) because of the presence of large Amphipoda belonging to the families of Phoxocephalidae and Lysianassidae. The Crustacea was the only macrofauna group of which the biomass increased with depth. The Mollusca and macrobenthic nematode contributions to the total macrofauna biomass did not exceed 5% at any of the depth stations (Fig. 5b) . The ANOSIM analysis revealed no significant differences between the three depths in term of the biomass contributions of the different taxa.
Nematode and macrofauna diversities
Overall, 21 families, 61 genera of Nematoda and a total of 81 species were identified (supplementary information, Table S2 ). The highest number of families (19) and species (57) was seen at the 1800-m depth station. The species richness or "sample" diversity (i.e. α diversity) of the nematodes is reported in Table 4 . This α diversity (SR) did not change significantly with depth (Table 2) , although the diversity and equitability (J') indices were greatest at 1800 m depth. The high values of J' at all of the three depths showed that there were no dominant nematode species (Table 4) . The ANOSIM analysis, which was performed to analyse any changes in nematode species composition between the stations at different depths, showed no significant differences in the nematode assemblages. The maturity index ranged from 3.0±0.1 (at 1200 m) to 3.2±0.1 (at 1800 m), indicating a greater abundance of nematodes with K-strategies at all three depths, including the genera Halalaimus, Desmoscolex, Leptolaimus and Sphaerolaimus (for a full species list, see supplementary information, Table S2 ).
A total of 68 macrofauna organisms were identified at the lowest possible taxonomic level (supplementary information, Tables S3 and S4 ). The macrofauna diversity indices are given in Table 4 . As in the α diversity of the nematode composition, none of the diversity indices or the Pielou index of equitability showed any significant differences with increasing water depth. The index of equitability (J') showed an absence of any dominant species also in the macrobenthic communities.
Conversely to what has been reported for nematode compositions, the ANOSIM analysis revealed that the composition of the macrofauna assemblages significantly differed between the 1200-m and 1800-m stations (R=35%; p<0.05) and between the 1200-m Table 4 . -Diversity indices for the nematodes (meiofauna) and macrofauna for the three increasing water depths. Data are means ± standard deviation. H'(log 2 ), Shannon-Wiener diversity index log 2 ; ES(n), expected species number, as ES (51) and 2100-m stations (R=85%; p<0.01). The high coefficients of dissimilarities from the SIMPER analysis confirmed the ANOSIM findings: 62.6% dissimilarity between the 1200-m and 1800-m stations, and 72.7% dissimilarity between the 1200-m and 2100-m stations. The non-metric multi-dimensional scaling representation in Figure 6 clearly shows the separation between the stations at the different depths.
Nematode and macrofauna feeding guilds
As expected for deep-sea nematode communities, the two most represented feeding groups at the 1800-m and 2100-m stations were the selective deposit feeders (1A; 52% and 46%, respectively). At 1200 m, the most represented were the non-selective deposit feeders (1B; 38%), which ingest small food particles and bacteria (Fig. 7a) . However, the contributions of the other trophic groups were not negligible. The predators (2B) were significantly high at the shallowest station (1200 m; 30.7%; Fig. 7a ), mainly because of Sphaerolaimus spp. The group of epistrate feeders (2A) was significantly more represented at 1800 m (15%), in agreement with the higher CPE. For the Malta Escarpment the nematode ITD index showed mean values ranging from 0.31±0.01 (at 1200 m) to 0.37±0.04 (at 1800 m), with no significant differences between the three depth stations.
Considering the macrobenthic trophic structure, the contributions of each trophic group showed no significant differences with depth, in contrast to the nematodes (Table 2) . Surface deposit feeders were the most common trophic macrofauna group at all of the stations (Fig. 7b) , with a maximum of 87% at 2100 m and a minimum of 80% at 1800 m. The second group was represented by the carnivores and scavengers (11%) at 1200 m, mainly because of the Polychaeta, such as Glycera sp., Arabellidae and Syllidae, and the Nemertina. On the other hand, at 1800 m and 2100 m, the group of filter feeders/suspension feeders (11% and 9%, respectively) was the second most represented, because of Bivalvia (Kelliella sp.), Hydrozoa, Porifera, and Polychaeta (Chaetopteridae). There were also subsurface deposit feeders at 1200 m and 1800 m (5% and 2.3%, respectively). Though surface deposit feeders dominated the community structure, the other trophic groups were not negligible.
DISCUSSION
Variabilities in the deep-sea benthic components along the Malta Escarpment
The tremendous geomorphological, hydrographic, geochemical, and biogenic heterogeneity on the seafloor influences the diversity of the margins at multiple spatial scales (Levin and Sibuet 2012) . Until recently, the majority of research on these margins focused on slopes with soft sediments (Rex and Etter 2010) , which represent by far the most extensive continental margin habitat and are home to one of the most diverse marine communities known (Grassle and Maciolek 1992) . The imperative for finding, cataloguing, and understanding margin diversities derives from the many key functions, goods and services provided by continental margin ecosystems, and by the increasingly deep human footprint on our continental slopes (Ramirez-Llodra et al. 2010) . Furthermore, a description of multilayer patterns in standing stock and biodiversity that includes the different benthic size components is essential to adopt an integrated approach to the study of deep-sea systems (Boissonas et al. 2002) .
A review by Rex et al. (2006) showed overall that there is a significant exponential decrease in both abundance and biomass of meiofauna, macrofauna and megafauna with increasing water depth. Bacterial abundance and biomass, however, show no decline with depth. Our research on the benthic prokaryote abundance and community structure along the Malta Escarpment has provided data that are consistent both with pooled datasets from different regions (Schmidt et al. 1998 , Rex et al. 2006 and with studies carried out at local scales elsewhere in the Mediterranean (Boetius et al. 1996, Deming and Carpenter 2008) . Bacteria were the dominant prokaryote component, in agreement with the results from similar hybridization studies carried out in marine sediments (Vetriani et al. 1999 , Ishii et al. 2004) . As shown by other authors (Vetriani et al. 1999, Molari and Manini 2012) , Archaea abundance formed a considerable fraction (20%-30%) of the deep benthic prokaryote assemblages. Their increasing abundance with water depth is in agreement with other studies (Schippers et al. 2005, Molari and Manini 2012) . Looking more in detail at the Archaea composition, the counts for Crenarchaea were higher than those for Euryarchaea at all of the depth stations. A Crenarchaea dominance has been reported in other marine benthic archaeal assemblages (Teske and Sorensen 2008) . This finding also agrees with studies in the mesopelagic and bathypelagic domains (Herndl et al. 2005) . Furthermore, we also found other archaeal benthic clusters in the deep-sea surficial sediments that were not hybridized by the CREN537 and EURY806 probes. This finding is consistent with previous diversity studies that have reported a complex archaeal population structure of the deep-sea seafloor, and high archaeal diversity in marine sediments (Vetriani et al. 1999 , Auguet et al. 2009 ). The total meiofauna abundance and biomass did not decrease significantly with depth, in contrast with results from other slope areas, where significant decreases in meiofauna stock with depth have been reported (Cartes et al. 2002, Tselepides and ; however, the present data are similar to reports by and Lampadariou and Tselepides (2006) from eastern Mediterranean slopes. In the present study, the short bathymetric transect considered may well make it difficult to detect a clear decreasing trend in meiofauna standing stock. Nevertheless, the pronounced inter-replicate variability was consistent with previous studies on small-scale distributions of meiofauna, which have shown that meiobenthic communities can be highly variable even within a few tens of centimetres (De Bovée et al. 1990 , Agnes et al. 2011 . The mean values of the meiofauna abundance and biomass along the Malta Escarpment correspond to the range of values reported for other slope areas and for bathyal depths along the Mediterranean Sea continental margins (Soetaert and Heip 1995 , Lampadariou and Tselepides 2006 , just for stations in the Aegean sea), although these are lower in comparison to other areas at similar depths from other oceans (Soltwedel 2000) . Nematodes usually have higher diversity with increasing depth (Coll et al. 2010 , although a clear trend of increasing or decreasing nematode diversity and species richness with depth is not always found (Lampadariou and Tselepides 2006) . Along the Malta Escarpment, neither the α diversity nor the turnover diversity of the nematode species composition showed significant and clear changes between the depth stations, probably becaue of the many eurybathic nematode genera found at almost all of these depth stations. Some of the most represented genera, such as Halalaimus, Leptolaimus, Syringolai- Table 5 . -Spearman rank order correlations between the biological descriptors and environmental variables across the three increasing water depths. Marked correlations are significant at p<0.05 (italic numbers) and p<0.01 (bold numbers). CPE, chloroplast pigment equivalent; PRT/ CHO, protein-to-carbohydrate ratio; BPC, biopolymeric organic carbon; ES(51) and ES(31), expected species number; H'(log 2 ), Shannon diversity index log 2. mus, Sabatiera, Sphaerolaimus, Metasphaerolaimus, Linhystera and Desmoscolex, are widespread in the deep sea, and they inhabit a wide bathymetric range and a variety of habitats (e.g., Soetaert and Heip 1995 , Lampadariou and Tselepides 2006 , Vanreausel et al. 2010 . Furthermore, the high values of the maturity indices, which were here always ca. 3, showed how all of these depths were characterized by more K-selected genera and stable nematode communities (Hasemann and Soltwedel 2011) . Similar to the meiofauna, the macrofauna abundance along the Malta Escarpment did not decrease with depth, in contrast to some other studies conducted in the central-eastern and western Mediterranean Sea , Mamouridis et al. 2011 . On the other hand, there was a lower biomass at the deepest station, following the generally recognized trend of decreased biomass with increased water depth (Rex et al. 2006) . The biomass appears to be generally more affected by the depth rather than the density. Indeed, for the macrofauna, Rex et al. (2006) reported a steeper slope of decreasing biomass rather than abundance at increasing water depths. Tselepides et al. (2000) showed a similar trend in the south Aegean sea: a sharper decrease with depth in biomass rather than in the number of macrofauna organisms. Our macrofauna abundances seen here along the Malta Escarpment are greater than those reported for the eastern Mediterranean basin, although the biomass values are similar , Kröcke et al. 2003 , and they are higher than those reported in a study conducted in the western Mediterranean basin (Tahey et al. 1994) . Comparable macrofauna abundances were found by in the Ionian Sea, though they reported a higher total biomass. Our biomass values are consistent with those reported from stations below 4000 m in depth by . However, comparisons with all of these studies must be made with care, as the mesh sizes used have often differed widely between studies (Soltwedel 2000) .
One of the most evident changes in the community structure with increased depth along the Malta Escarpment was a turnover of the abundances of Polychaeta versus the macrobenthic nematodes. Similar changes were seen by Flach and de Bruin (1999) for the Goban Spur slope and by in the Gulf of Mexico, where they showed a positive relationship between the dry biomass of the macrobenthic nematodes and the water depth, as in the present study. All of the macrobenthic nematodes identified along the Malta Escarpment belong to the groups of non-selective deposit feeders (1B) and carnivores (2B), as reported by and Sharma and Bluhm (2011) , and these are functionally different from the meiobenthic nematodes from this area (which mostly belong to groups 1A and 1B).
As along the Malta Escarpment, nematodes of different size classes have been shown to have different functional roles and to partition food sources (Sharma and Bluhm 2011) . The high proportion of deposit-feeding nematodes in the deep sea reflects the important role of bacteria in their nutrition (Danovaro et al. 2008b) . Furthermore, the dominance of large detritivores and deposit-feeding nematodes indicates that they play important roles in the carbon recycling in the benthic food web. Predators and omnivores comprised the second most dominant feeding type to characterize these depth stations in the present study. Most predators and omnivores are also facultative scavengers (Heip et al. 1985) , and this combination of feeding types is a successful feeding strategy in food-limited habitats, such as the deep sea . Also, the gain in importance with depth of molluscs, such as Nucula sp1, and crustaceans, such as Ischnomesidae (Isopoda) and Leptognathia sp1 (Tanaidacea), can be expected, as these are widespread organisms that inhabit the deep sea and that show high plasticity in their feeding strategies (Gage and Tyler 1991) . Nevertheless, polychaetes remained one of the most represented groups, with some abundant families, such as Spionidae, Paraonidae, Cirratulidae and Heterospionidae. These have been commonly reported in other studies (e.g. Karakassis and Eleftheriou 1997) as successful inhabitants of the deep sea (Fauchald 1977) . Although the values of the α diversity did not change between these depth stations, as was seen for the nematode communities, diversified macrofauna populations emerged at the different depths. The separation between the 1200-m and 1800-2100-m depth stations provided by the non-metric multi-dimensional scaling and confirmed by the ANOSIM analysis indicate a change in the macrofauna composition along the bathymetric gradient that was more evident than was seen for the nematode communities. Additionally, the low coefficient of similarity (36%) between the replicates from the shallowest depth station indicates a particularly patchy distribution of organisms at 1200 m depth. Conversely, the deeper communities showed more inter-replicate and among-station homogeneity, in agreement with the idea of a higher homogeneity in benthic populations that characterize the lower slope areas, as suggested by Carney (2005) . The differences between the depths was affected by the presence of "rare" species that occurred as singletons or in very low numbers in each sample within the replicates at the same depth (particularly at 1200 m), as well as between the depths. This phenomenon has been widely reported in deep-sea macrobenthic communities Macioleck 1992, Rex and Etter 2010) .
Contributions of different benthic size classes to total biomass and energy transfer
A comparison between the biomass estimates of the different benthic components can provide information on the energy transfer pathways in benthic food webs (Albertelli et al. 1999) . A more rapid decrease in the macrobenthos standing stock, and generally in the big-ger organisms, is a universal phenomenon that involves complex changes in the relative importance of each of the different size groups Etter 1998, Rex et al. 2006) . Usually this restriction in size arises from low amounts of food (Wei et al. 2010) . In the present study, the significant increase in prokaryote biomass of the total biomass suggests two things: (i) a greater ability of prokaryotes to exploit the organic carbon in the sediments, as compared to the other two benthic classes; and consequently, (ii) a partial channelling of the carbon to the higher trophic levels through the prokaryote component (Danovaro et al. 2000) . As deposit feeding is one of the most widely adopted feeding strategies with both meiobenthic and macrobenthic organisms along the investigated area, this suggests grazing on microbes by organisms belonging to the higher trophic levels and could be indicative of a direct food chain, as already described for benthic communities inhabiting food-limited areas (Boetius et al. 1996 , Kröncke et al. 2000 , Kröncke and Turkey 2003 .
Different benthic size classes in relation to the environmental variables
In energetically stressed environments, such as the deep sea, it is often difficult to identify processes that affect the distribution and abundance of different biotic assemblages. This is because both biological and physical factors are involved, they are not independent, and their relationships with the taxa of interest are frequently non-linear. The amount of CPEs in deepsea sediments has been shown to be a function of the superficial primary production, and of the depth and efficiency of removal along the water column as the particles of organic matter sink to the seafloor (Pusceddu et al. 2010) . The overall refractory nature of the autotrophic fractions in the sediments along the Malta Escarpment, which show the very low chlorophyll-a levels of between 0.2% and 2.6% of the total CPEs, has also been observed in other deep-sea sediments (Garcia et al. 2007) . Despite this, the potential quality of the food that characterizes the Malta Escarpment sediments is closer to the richer western Mediterranean deep sediments than to those of the more oligotrophic east basin or south Adriatic Sea (Pusceddu et al. 2010) . This sediment composition also supports a macrofauna community that is dominated by surface deposit feeders at all of these depths, instead of sub-surface deposit feeders and carnivores; indeed, a high percentage of surface deposit feeders is usually associated with medium-to-high quality of organic matter (Wieking 2002 , Mamouridis et al. 2011 , which confirms that food is one of the most important variables that influence benthic community structures (Mamouridis et al. 2011) .
Significant correlations were seen between the macrofauna biomass and the quantity and quality of the organic matter, as well as between the diversity indices and the food availability. The DISTLM analysis (Table  6 ) confirmed that 71% of the macrobenthic biomass was explained by the BPC content. Again, the lipid content was positively correlated with the macrofauna biomass, as also previously reported by Cartés et al. (2002) . Several studies have recognized that together with food availability and depth, grain size is one of the factors that can shape the benthic communities in the deep sea (Karakassis and Eleftheriou 1997, Stora et al. 1999) . This is the case for the macrofauna species distribution along the Malta Escarpment, which is apparently significantly related to the sediment grain size.
If a particular influence of food on the macrobenthic population appears to be clear, for the meiofauna only the group of deposit feeders produced a significant correlation with the prokaryote biomass. The relationships between meiofauna abundance and food quality/ availability are controversial. Several studies have reported a strong influence of food availability not only on the meiofauna standing stock, but also on the diversity (e.g. Garcia et al. 2007 , Ingels et al. 2011 . Conversely, Hasemann and Soltwedel (2011) showed the same apparent lack of relationship between meiofauna and organic matter content as we see along the Malta Escarpment. Hasemann and Soltwedel (2011) inferred that factors that influence the nematode community have different effects in different areas. Vanhove et al. (1999) underlined that the spatial variability of the meiofauna and the different aggregations are related to different groups of factors (i.e. physical, chemical and biological) that can act together on meiobenthic communities. Soetaert and Heip (1995) and Johnson et al. (2007) indicated that the amount of sedimentary food is not the best proxy for food availability for the benthos, and that there are often no correlations between meiofauna and food. Along the Malta Escarpment, the meiofauna appeared to be more influenced by the sand content, which could explain most of the variability in the diversity (i.e. the number of taxa) and (Etter and Grassle 1992) , and it has been reported as one of the environmental variables that influences meiofauna distribution, and especially nematodes (Heip et al. 1985) . Along the Malta Escarpment, it here emerges that the differences in prokaryote community abundances are not the result of any single controlling factor, but are the result of the interactions between the different environmental and ecological settings (i.e. grain size, CPE, quality and quantity of organic matter). The abundance of total prokaryotes, Bacteria and Archaea did not show a significant positive correlation with the quantity and availability of the sedimentary organic matter. Along the Mediterranean basin, many other studies have shown that the total prokaryote numbers and biomass are relatively insensitive to variables that are indicative of food availability (Danovaro et al. 1993 , Boetius et al. 1996 , Tholosan and Bianchi 1998 , Bianchi et al. 2003 . However, the importance of organic compound resources as a controlling factor of prokaryote assemblages has been confirmed by many other studies (Turley and Dixon 2002, Deming and Carpenter 2008) . The discrepancy in these data can be attributed to the presence of different numbers of dead/ dormant cells, as in all of these studies, the relationship was analysed among the total prokaryote parameters and the quantity/availability of organic matter.
It is possible to conclude that different environmental variables can differentially influence each one of these benthic size components along the Malta Escarpment. Other factors not considered in the present study that are fundamental in the shaping of slope benthic communities (e.g. environmental data related to the pelagic realm, such as vertical and later food inputs) must now be taken into further consideration to better explain the community distributions and variabilities.
SUPPLEMENTARY MATERIAL
The following material is available through the web page http://www.icm.csic.es/scimar/supplm/sm03811SMA.pdf Table S1 . -Replicates, depth, prokaryote abundance (cell g -1 ) and biomass (μgC g -1 ); meiofaunal abundance (ind 10 cm -2 ) and biomass (μgC 10 cm -2 ). Table S2 . -List of all nematoda species identified; mean abundance values (ind 10 cm -2 ) for each depth are reported. Table S3 . -List of macrofauna organisms identified; mean abundance values (ind m -2 ) for each depth are reported. n.i., not identified. Table S4 . -List of macrobenthic nematodes identified; mean abundance values (ind m -2 ) for each depth are reported.
